metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

/j-Bromido-bis{//-2,2'-[4,7-diazadecane- 
1 ,1 O-diylbis(nitrilomethanylylidene)]- 
diphenolato}tricopper(ll) bromide 
dimethylformamide disolvate 

Gervas Assey, Ray J. Butcher* and Yilma Gultneh 

Department of Chemistry, Howard University, 525 College Street NW, Washington, 
DC 20059, USA 

Correspondence e-mail: rbutcher99@yahoo.com 
Received 21 July 201 1 ; accepted 1 August 201 1 

Key indicators: single-crystal X-ray study; T = 200 K; mean tr(C-C) = 0.006 A; 
disorder in solvent or counterion; R factor = 0.030; wR factor = 0.062; data-to- 
parameter ratio = 17.6. 

The complex molecule of the title compound, [Cu 3 Br(C 2 2H 28 - 
N40 2 )2]Br-2C 3 H 7 N0, contains three copper atoms, two of 
which are five-coordinate within a square-pyramidal environ- 
ment and linked by a bridging Br atom occupying the apical 
position in each square pyramid. The remaining Cu atom is 
four-coordinate but with considerable tetrahedral disortion 
[the dihedral angle between the two chelate planes is 
69.21 (7)°]. There are two molecules of dimethylformamide 
(DMF) present as solvent molecules, one of which is 
disordered over two equivalent conformations with occupan- 
cies of 0.603 (5) and 0.397 (5). The amine H atoms are 
involved in both inter- and intramolecular hydrogen-bonding 
interactions with the Br and O atoms of the cation, as well as 
with the O atom of the ordered DMF molecule. 

Related literature 

For information concerning the r parameter, see: Addison et 
al. (1984). For background to the use of multi-nuclear copper 
complexes in metallo-enzymes for catalyzing the four-electron 
reduction of oxygen to water, see: Yoon et al. (2005); Solomon 
et al. (1996); Mukherjee et al. (2003); Mirica & Stack (2005); 
Augustine et al. (2010); Chaudhuri et al. (1992). For general 
background to multinuclear copper types, see: Miessler & Tarr 
(2005); Mukherjee et al. (2003); Chen et al. (2010); Lawton et 
al. (2009); Hakulinen et al. (2008). For information concerning 
the Type II and Type III site: Pompidor et al. (2008); Li et al. 
(2009). For model studies of the multi-copper site: Cole et al. 
(1996); Kataoka et al. (2009); Paine et al. (2004). 




Experimental 

Crystal data 

[Cu 3 Br(C 22 H 28 N 4 0 2 ) 2 ]Br-2C 3 H 7 NO 

M, = 1257.60 

Hexagonal, P6 1 

a = 18.7450 (2) A 

c = 28.2531 (5) A 

V = 8597.4 (2) A 3 

Data collection 

Oxford Diffraction Gemini R 

diffractometer 
Absorption correction: multi-scan 

(CrysAlis RED; Oxford 

Diffraction, 2009) 

r mi „ = 0.782, r m „ = l.ooo 

Refinement 

R[F 2 > 2a(F 2 )} = 0.030 
wR(F 2 ) = 0.062 
S = 0.91 

11660 reflections 
662 parameters 
85 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
fi = 2.55 mm -1 
T = 200 K 

0.51 x 0.42 x 0.38 mm 



95983 measured reflections 
11660 independent reflections 
8463 reflections with / > 2a(I) 
R iM = 0.070 



H-atom parameters constrained 
Ap max = 0.39 e A~ 3 
Ap mi „ = -0.26 e A~ 3 
Absolute structure: Flack (1983), 

5710 Friedel pairs 
Flack parameter: 0.007 (5) 



D-H-A 
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H- ■ A 


D- ■ A 


D-H-A 


N2A-H2AB- 


■02B 


0.93 


2.00 


2.919 (4) 


170 


N3A-H3AB- 


■Br2 


0.93 


2.50 


3.429 (3) 


174 


N2B-H2BB- 


■02A 


0.93 


2.14 


3.061 (4) 


172 


N3B-H3BB- 


■OlS 


0.93 


2.39 


3.005 (4) 


123 



Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell 
refinement: CrysAlis RED (Oxford Diffraction, 2009); data reduc- 
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHEEXE97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); 
software used to prepare material for publication: SHELXTL. 
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diylbis(nitrilomethanylylidene)]diphenolato}tricopper(II) bromide dimethylformamide disolvate 
G. Assey, R. J. Butcher and Y. Gultneh 

Comment 

Copper is one of the late transition metals that are essential to the life of animals and plants (Miessler & Tarr, 2005). The metal 
is present in a number of enzymes such as tyrosinase, amine oxidase, laccase, ascorbate oxidase, ceruloplasmin, superoxide 
dismutase, nitrile reductase and plastocyanin (Miessler & Tarr, 2005). There are three types of copper atoms present in 
enzymes, namely Type (I), Type (II) and Type (III). Type (I) copper is responsible for the blue color of blue oxidases and 
shows an intense visible absorption band near 600 nm (Miessler & Tarr, 2005; Mukherjee et al. 2003), while Type II contains 
normal tetragonally distorted Cu(II) (Pompidor et al. 2008). Type III contains two strongly antiferromagnetically coupled 
Cu(II) centers and is diagmagetic (Li et al. 2009). The role of Type (I) copper is to transfer electrons to the tri-nuclear unit 
in ascorbate oxidase for a simultaneous four-electron reduction of dioxygen (O2) (Yoon et al. 2005). The tri-nuclear cluster 
of the enzymes is comprised of a Type (II) copper center and a Type (III) coupled binuclear site in relatively close proximity 
where oxygen reduction is effected (Yoon et al. 2005; Solomon et al. 1 996; Chen et al. 20 10; Lawton et al. 2009; Hakulinen 
et al, 2008). Generally, the multinuclear copper complexes that are in the group of metalloenzymes are used to catalyze the 
four-electron reduction of O2 to H2O (Yoon et al. 2005; Mukherjee et al. 2003; Mirica et al. 2005; Augustine et al. 2010; 
Chaudhuri et al. 1992; Chen et al. 2010). 

A number of researchers have synthesized or studied model complexes of multicopper oxidases. Paine et al. 2004 syn- 
thesized and characterized seven copper (II) complexes with a ligand 2,2'-selonobis(4,6-di-tert-butylphenol) (H2L). Two of 
the complexes were found to belong to the asymmetric tri-nuclear copper (II) complexes modeling the tri-nuclear copper 
site in multi-copper oxidases. Other researchers that have studied model complexes of multi-copper oxidases include, Cole 
et al. 1996. Kataoka et al. 2009 studied the mechanism of the four-electron reduction of dioxygen by a multi-copper oxidase. 

The title compound C5oH69Br2Cu3Nio06 is a mimic of the multi-copper enzymes such as ascorbate oxidase which is a 
tri-nuclear copper complex that is engaged in dioxygen (O2) activation and subsequent substrate oxidation (Solomon et al. 
1996). The complex consists of two copper (II) cations bridged by a bromide anion and is thus a model for the type III site and 
one distorted 4-coordinate copper center and thus a model for the type II site. Taken together this comprises a model for the 
multi-copper oxidases which consists of a type III and type II site in close proximity. In the present case the distances from 
type II model center, Cul, to the two Cu's (Cu2 and Cu3) comprising a model for the type III site are respectively 5.915 (1) 
and 6.565 (1) A. The type II copper center Cu(l) is considerably distorted from square planar coordination geometry with 
the dihedral angle between the two chelate planes being 69.21 (7)°. The two remaining Cu's are both square pyramidal 
with the bridging Br in the apical position in each coordination sphere (t values are 0.0297 (2) and 0.0386 (2), respectively 
[Addison et al, 1984]). 

There are two molecules of AyV-dimethylformamide (DMF) present as solvent molecules, one of which is disordered 
over two equivalent conformations with occupancies of 0.603 (5) and 0.397 (5). The amine H's are involved in both inter- and 
intramolecular hydrogen bonding interactions with the Br and O's of the copper cluster as well as the O of the ordered DMF. 
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Experimental 

The synthesis of A r ,A r -bis(3-aminopropyl)-ethylenediamine-bis(salicylaldimine) was accomplished by adding a solution of 
(5 g, 30.52 mmol) 7V,/V-bis(3-aminopropyl)-ethylene-di-amine in 20 ml methanol drop-wise to the solution of (7.45 g, 61.04 
mmol) salicylaldehyde. The mixture was refluxed overnight while stirring with a magnetic stirrer. Then the reaction mixture 
was evaporated under reduced pressure. An oily orange product was obtained which later solidified into yellow compound. 

Synthesis of the complex C5rjH7oBr2Cu3Nio06 was achieved by adding a solution of (0.97 g, 6.76 mmol) CuBr in a 
mixture of 20 ml methanol and 25 ml ethanol to a solution of (1.17 g, 3.06 mmol) 7V,/V-bis(3-aminopropyl)-ethylenediam- 
ine-bis(salicylaldimine) in 20 ml of CH2CI2 drop-wise while stirring. The reaction time was 24 h after which the reaction 
mixture was evaporated under reduced pressure. Dark greenish solids were obtained. These solids were then dissolved in 
DMF, filtered and layered with diethyl ether for crystallization. X-ray diffraction quality crystals were obtained. 

Refinement 

H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with a C — H distances 
of 0.93 to 0.99 A and N— H distances of 0.93 A and C/ iso (H) = 1.2(7 eq (C, N). 



Figures 



Fig. 1. Diagram of trinuclear Cu cation, C47Hg3BrCu3N905 showing atom labeling. All H 
atoms are removed for clarity. 




Fig. 2. The molecular packing for C5oHyoBr2Cu3Nio06 viewed down the c axis. Hydrogen 
bonds are shown by dashed lines. 




u-Bromido-bis{u-2,2'-[4,7-diazadecane-1,10- diylbis(nitrilomethanylylidene)]diphenolato}tricopper(ll) bromide 
dimethylformamide disolvate 



Crystal data 

[Cu 3 Br(C22H28N402)2]Br-2C 3 H 7 NO 
M r = 1257.60 
Hexagonal, P6\ 
Hall symbol: P 61 



D x = 1.457 Mgm 3 

Mo radiation, X = 0.71073 A 

Cell parameters from 28991 reflections 

9 = 4.6-34.8° 
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a = 18.7450 (2) A n = 2.55 mm -1 

c= 28.2531 (5) A T=200K 

V= 8597.4 (2) A 3 Hexagonal prism, dark green-brown 

Z=6 0.51 x 0.42 x 0.38 mm 
F(000) = 3870 



Data collection 



Oxford Diffraction Gemini R 
diffractometer 

Radiation source: Enhance (Mo) X-ray Source 
graphite 

Detector resolution: 10.5081 pixels mm" 1 
tp and co scans 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford Diffraction, 2009) 

r min = 0.782, r max = l.ooo 

95983 measured reflections 



11660 independent reflections 

8463 reflections with I > 20(7) 
ic int = 0.070 

9 max = 26.4°, 9 min = 4.6° 
h = -23^23 

£ = -23^23 

/= -35^35 



Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(/^)] = 0.030 

wR(F 2 ) = 0.062 
5 = 0.91 

11660 reflections 
662 parameters 
85 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[o 2 (F 0 2 ) + (0.03 3/ 5 ) 2 ] 
where P = (F D 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap max = 0.39eA~ 3 
Apmin = -0.26 e A~ 3 

Absolute structure: Flack (1983), 5710 Friedel pairs 
Flack parameter: 0.007 (5) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g{F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


J J. *//"/" 

^iso ' ^eq 


Brl 


0.69066 (2) 


a 1 a c i o f*>\ 

0.14678 (2) 


0.176552 (13) 


a mom a\ 
0.0389 / (10) 


Br2 


0.74921 (3) 


A 1 A A "7 O \ 

0.14478 (2) 


r\ r\ a A "7 a 1 / 1 /I \ 

-0.044701 (14) 


A A /I /" A /I /I I \ 

0.04604 (11) 


Cul 


0.61462 (3) 


A 1 "to AC\ 

0.32849 (3) 


0.135041 (15) 


AAT/11A/11\ 

0.03419 (11) 


Cu2 


a icir\r\A /i \ 

0.78094 (3) 


0.13386 (3) 


a 1 A"7 1 >■* r> / 1 r \ 

0.107128 (15) 


A A 1 1 AC 

0.03145 (ll) 


Cu3 


0.89767 (2) 


0.2 /0 75 (3) 


0.23:>668 (Id) 


0.03223 (11) 


OlA 


0.52044 (15) 


A ^ / in i / 1 

0.26481 (16) 


A 1 A A / r\ \ 

0.17344 (9) 


0.0477 (7) 


VIA 


a /res A 1 A /i A \ 

0.69414 (14) 


A 1 lOO/l ( ~\ A\ 

0.11884 (14) 


0.15022 (8) 


A AT/-/- 

0.0366 (6) 


OIB 


0.68241 (15) 


0.41100 (15) 


0.09096 (9) 


A A /I A /I //^\ 

0.0404 (6) 


02B 


a a 1 i ah / 1 ,i\ 

0.91309 (14) 


0.34740 (15) 


0.18618 (8) 


A AT C /I //^\ 

0.0354 (6) 


N1A 


0.57558 (18) 


a ^ a a ci n / 1 o \ 

0.24489 (18) 


/"\ AO /I /I n /1A\ 

0.08448 (10) 


A ATT ^ / r m f\ 

0.0335 (7) 


N2A 


A O 1 O 1 A /1 /C\ 

0.81810 (16) 


0.25796 (17) 


a 1 mm /1 a\ 

0.10297 (10) 


A AT 1 A /-7\ 

0.0310 (7) 


H2AB 


0.8436 


0.2810 


0.1316 


A A T ^7 ^ 

0.037* 


N3A 


A o/-t I i / -\ ci\ 

0.86311 (18) 


f\ 1 S~ 1 Cl A i'I n\ 

0.16184 (19) 


0.05401 (10) 


A A 1 /" A /n\ 

0.0369 (7) 


H3AB 


0.8358 


0.1603 


0.0262 


0.044* 


N4A 


0.7301 (2) 


A a 1 T y| 1 /i o\ 

0.01341 (18) 


0.09708 (10) 


0.0373 (7) 


NIB 


0.67956 (18) 


0.39345 (18) 


A 1 A A A I /1 1 \ 

0.19003 (11) 


0.0366 (7) 


N2B 


0.77206 (16) 


0.23279 (17) 


0.23541 (10) 


A A 1 1 f*l\ 

0.0316 (7) 


H2BB 


0.7489 


0.2025 


A ^ An A 

0.2080 


A A1 O 

0.038* 


N3B 


0.86762 (18) 


0.19830 (18) 


a Tm "7/; /i i \ 

0.29376 (11) 


0.0369 (7) 


H3BB 


0.8682 


0.2306 


0.3189 


0.044* 


N4B 


1 A1 Ol i( ( \\ Cl \ 

1.01824 (18) 


0.32127 (19) 


0.24628 (10) 


A A 1 y| A i"7\ 

0.0340 (7) 


CIA 


0.4522 (2) 


A 1 A/'n /'W 

0.1967 (2) 


0.16353 (14) 


A A 1 ^7 A / A \ 

0.0379 (9) 


C2A 


0.3885 (3) 


a i /; /i A /i\ 

0.1640 (3) 


0.19581 (16) 


0.0483 (11) 


H2AA 


0.3952 


0.1912 


0.2252 


A A C O sit 

0.058* 


C3A 


0.3148 (3) 


A A A T /T\ 

0.0923 (3) 


A 1 O 1 A /1 0\ 

0.18639 (18) 


0.0561 (12) 


H3AA 


0.2719 


0.0717 


0.2093 


0.067* 


C4A 


0.3029 (3) 


0.0503 (3) 


A 1 it or /10\ 

0.14385 (18) 


A A C A Ct / 1 ^ \ 

0.0548 (12) 


H4AA 


0.2526 


0.0010 


0.1374 


0.066* 


C5A 


0.3655 (2) 


A AOI £) / o \ 

0.0818 (2) 


0.11174 (16) 


A A /I "7 A /I I \ 

0.0470 (11) 


H5AA 


0.3579 


0.0534 


A A m "7 

0.0827 


0.056* 


C6A 


Cl A A A ^ 

0.4402 (2) 


0.1539 (2) 


A 1 1 A A /1 A \ 

0.H959 (14) 


A A T ^7 1 / A \ 

0.037 1 (9) 


C7A 


0.5029 (2) 


0.1788 (2) 


A A O /I ^ /" / 1 y| \ 

0.08426 (14) 


A A 1 A ^ / 1 A\ 

0.0392 (10) 


H7AA 


0.4903 


0.1434 


0.0577 


0.047* 


C8A 


0.6293 (2) 


0.2537 (3) 


A A J J A7 

0.04497 (13) 


A AT Cl Cl / A \ 

0.0388 (9) 


T TO A A 

H8AA 


0.6594 


0.3119 


A AT A 1 

0.0347 


0.04/^ 


H8AB 


0.5954 


0.2200 


0.0180 


A A A *1 & 

0.047* 


C9A 


0.6915 (2) 


0.2267 (2) 


0.05827 (13) 


0.0359 (9) 


H9AA 


0.6608 


0.1684 


0.0685 


0.043* 


H9AB 


0.7233 


0.2296 


0.0296 


0.043* 


C10A 


0.7520 (2) 


0.2777 (2) 


0.09742 (13) 


0.0309 (8) 


H10A 


0.7766 


0.3370 


0.0899 


0.037* 


H10B 


0.7218 


0.2672 


0.1277 


0.037* 


C11A 


0.8822 (2) 


0.2975 (2) 


0.06630 (14) 


0.0388 (9) 


H11A 


0.9216 


0.3551 


0.0754 


0.047* 


HUB 


0.8567 


0.2980 


0.0357 


0.047* 
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C12A 


0.9270 (2) 


0.2491 (2) 


0.06150 (14) 


0.0401 (9) 


H12A 


0.9654 


0.2697 


0.0343 


0.048* 


H12B 


0.9590 


0.2548 


0.0905 


0.048* 


C13A 


0.8980 (3) 


0.1078 (3) 


0.04635 (15) 


0.0497(11) 


H13A 


0.9301 


0.1095 


0.0746 


0.060* 


H13B 


0.9361 


0.1284 


0.0190 


0.060* 


C14A 


0.8327 (3) 


0.0214 (3) 


0.03727 (15) 


0.0538 (12) 


H14A 


0.8588 


-0.0101 


0.0259 


0.065* 


H14B 


0.7962 


0.0210 


0.0118 


0.065* 


C15A 


0.7814(3) 


-0.0209 (3) 


0.08029 (15) 


0.0511 (11) 


H15A 


0.7450 


-0.0800 


0.0729 


0.061* 


H15B 


0.8185 


-0.0172 


0.1063 


0.061* 


C16A 


0.6539 (2) 


-0.0364 (2) 


0.10388 (13) 


0.0384 (9) 


H16A 


0.6337 


-0.0916 


0.0939 


0.046* 


C17A 


0.5946 (2) 


-0.0182 (2) 


0.12504 (13) 


0.0358 (8) 


C18A 


0.5128 (2) 


-0.0815 (2) 


0.12627 (14) 


0.0449 (10) 


H18A 


0.4980 


-0.1320 


0.1107 


0.054* 


C19A 


0.4536 (2) 


-0.0734 (3) 


0.14896 (16) 


0.0514(11) 


H19A 


0.3979 


-0.1168 


0.1487 


0.062* 


C20A 


0.4760 (2) 


-0.0002 (3) 


0.17263 (15) 
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Geometric parameters (A, °) 

Brl— Cu2 2.7636 (6) C21A— C22A 1.401(5) 

Brl— Cu3 2.8108(6) C21A— H21A 0.9500 

Oil— OIB 1.895 (3) C1B— C2B 1.396 (5) 

Cul— OlA 1.903 (3) C1B— C6B 1.411(5) 
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-1 li.y (i) 


C13S- 


-N1S— C11S— OlS 


2.2 (6) 


C12S- 


-N1S— C11S— OlS 


-179.9(4) 


C22S- 


-N2S— C21S— 02S 


-171.6(12) 


C23S- 


-N2S— C21S— 02S 


4(2) 


C23T- 


-N2T— C21T— 02T 


18(3) 


C22T- 


-N2T— C21T— Q2T 


-172.4(18) 



Hydrogen-bond geometry (A, °) 



D—H-A D — H 

N2A— H2AB -02B 0.93 

N3A— H3AB-Br2 0.93 

N2B— H2BB-02A 0.93 

N3B— H3BB-01S 0.93 



R-A D-A D—H-A 

2.00 2.919 (4) 170. 

2.50 3.429 (3) 174. 

2.14 3.061 (4) 172. 

2.39 3.005 (4) 123. 
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